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Abstract

In the context of the global energy transition, the overconsumption of fossil fuels has led to a surge
in greenhouse gas emissions and increased environmental pollution, while traditional noble
metal catalysts (e.g., Pt-based materials) are difficult to meet the demand for large-scale hydrogen

EIREE

SCESIF: B, AR, EUNEN, S, BT AR A AT S P BT S RE R ). B kR, 2025,
14(3): 552-559. DOI: 10.12677/japc.2025.143052


https://www.hanspub.org/journal/japc
https://doi.org/10.12677/japc.2025.143052
https://doi.org/10.12677/japc.2025.143052
https://www.hanspub.org/

Y 5

electrolysis (HER) due to their high cost and scarcity of resources. In view of this, the development
of non-precious metal-based catalysts with high catalytic activity and long cycle stability has be-
come a core direction to break the bottleneck of hydrogen electrolysis reaction (HER), and Cu-based
catalysts have shown great potential for replacing precious metal catalysts due to their high natural
abundance, excellent electrical conductivity, and tunable electronic structure, etc. In this paper, we
systematically review the recent development of Cu-based catalysts for HER. In this paper, we sys-
tematically review the research progress of Cu-based electrocatalysts in the field of HER in recent
years, focusing on the regulation mechanism of catalytic performance by key strategies such as
nanostructural design, alloying modification and interfacial engineering, as well as discussing the
challenges of large-scale application. This study not only provides theoretical support for reducing
the energy consumption of hydrogen production from electrolytic water, but also provides a dual
technology path for building a clean and low-carbon energy system and accelerating the realisation
of the “dual-carbon” strategic goal.
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Figure 1. Schematic diagram of a water electrolysis unit [13]
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Figure 2. Schematic diagram of defect/vacancy works
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Figure 3. Schematic diagram of interface/surface engineering [21]
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Figure 4. Volcano plot of AGH* for different metal catalysts in HER [39]
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